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(54) Method of producing free standing articles 

(57) Near net shape free standing articles can be ■ 
produced by chemical vapor deposition techniques 
when a suitable substrate is suspended in a chemical 
vapor deposition zone according to the disclosed tech- 


nique. By suspending such substrates from linear sus- 
pension supports such as ropes, cables and wires, mul- 
tiple near net shape articles can be produced with sub- 
stantial manufacturing cost savings over previously em- 
ployed techniques. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] The production of free-standing articles by 
chemical vapor de . Jtion (CVD) can provide such ar- 
ticles with enhanced uroperties. The use of CVD to pro- 
vide articles in ne^r-net shape (NNS), such that only 
minimal finishing is required to provide the article in its 
finished shape, is especially useful for producing articles 
having critical dimensional tolerances from materials, 
such as silicon carbide, which are difficult to shape by 
conventional machine shaping techniques. The present 
invention provides an improved method of mounting 
substrates during the CVD process. It is particularly ap- 
plicable to the production of near-net shape silicon car- 
bide articles. 

Description of related art 

[0002] The advantages of silicon-carbide as a fabri- 
cation material lor astronomical X-ray telescopes and 
the experimental use of small scale CVD processing to 
prepare conical silicon carbide shells were recently de- 
scribed by Geril et al. in "Thin Shell Replication of Graz- 
ing Incident (Wofter Type I) SiC Mirrors", SPIE Proc., 
2478,215(1995). 

[0003] Free-standing silicon carbide materials pro- 
duced by CVD processing in applications requiring a 
high degree of surface smoothness and polishability are 
described in U.S. Patent No. 5,374,412. Apparatus and 
process conditions used to produce such articles are de- 
scribed in that patent. U.S. Patent Nos. 4,990,374; 
4,997,676 and 5.071,596 further describe CVD proc- 
esses for producing free-standing silicon carbide mate- 
rials by the pyrolytic deposit of SiC on a mandrel. 
[0004] Typically, CVD derived articles are produced 
by CVD deposit of the desired material on a substrate, 
followed by separation of the article from the substrate. 
One prior method produces a relatively targe sheet of 
monolithic SiC on a flat graphite mandrel coated with a 
thin layer o1 a release coating. Pyrolysisof methyltrichlo- 
rosilane in argon and excess hydrogen produced a de- 
posit which, after separation from the mandrel, was cut 
into multiple susceptor rings tor use supporting wafers 
in semiconductor processing furnaces. While this meth- 
od produces satisfactory parts, they are not produced 
in near-net shape and require substantial machining. 
The production of the deposit in near-net shape is de- 
sirable to reduce the amount of waste material generat- 
ed and reduce the amount of machining required. 
[0005] Several methods of controlling or isolating the 
deposit of silicon carbide to one intended side of the sub- 
strate during chemical vapor deposition are described 
in U.S. Patent Nos. 4,963.393 and 4,990,374. In Patent 
No. 4,963,393; a curtain of flexible graphite cloth is ar- 


ranged to shield the backside of the substrate from the 
flowing reacted precursor gases, whereby silicon car- 
bide deposits on the backside of the substrate are avoid- 
ed, in Pat. No. 4.990,374 a counterflow of a non-reactive 
5 gas flows from behind the substrate past the substrate's 
peripheral edge whereby the reactive deposition gases 
and the deposit they produce are confined to the front 
face of the substrate. 

[0006] Another prior technique controls the deposition 
io by providing a channel surrounding that portion or zone 
of the substrate surface where the deposit is desired. 
The channel functions to restrict flow of the reactive dep- 
osition gases to the substrate surfaces surrounding the 
deposition zone whereby any deposit on the surround- 
J5 ing surfaces is substantially thinner than the deposit 
formed in the deposition zone. 

[0007] Still another previous method provided multi- 
ple shaped graphite ring mandrels (substrates) mount- 
ed along the extent of the deposition chamber by de- 
20 tachable graphite mounts gripping the edge of the rings. 
Silicon carbide was deposited on both sides of the man- 
drels, the mandrels removed from the deposition cham- 
ber and the edges of the deposits on the mandrels ma- 
chined to release the bottom and top deposits as two 
25 separate silicon carbide articles. This process resumed 
in relatively heavy deposits of silicon carbide bridging 
the graphite mandrel and the graphite mounts, neces- 
sitating difficult machining in the vicinity of the areas oc- 
cupied by the mounts, and often resulted in cracks'de- 
30 veloping in the deposits during separation of the mount 
from the mandrel. These cracks often propagated 
through the desired product causing it to be rejected. If 
sufficient mounts are not used, the increased weight of 
the deposit on the mandrels sometimes caused the 
35 mandrels to slip from the mounts damaging the deposits 
and adjacent mandrels. 

SUMMARY OF THE INVENTION 

40 [0008] Chemical vapor deposition (CVD) has been 
used to produce both free-standing articles and coatings 
of various materials, such as, silicon carbide. Typically, 
such a process involves reacting vaporized or gaseous 
chemical precursors in the vicinity of a substrate to result 

45 in silicon carbide depositing on the substrate. The dep- 
osition reaction is continued until the deposit reaches 
the desired thickness. If a coated article is desired, the 
substrate is the article to be coaled and the coaling is 
relatively thin, generally less than 100 microns (0.1mm) 

50 thick. If a free-standing article or silicon carbide bulk ma- 
terial is desired, a thicker deposit, generally greater than 
0.1 mm thick, is formed as a shell on the substrate and 
then separated from the substrate to provide the silicon 
carbide article. 

55 [0009] In a typical silicon carbide bulk material pro- 
duction run, silicon carbide precursor gases or vapors 
are fed to a deposition chamber where they are heated 
to a temperature at which they react producing silicon 
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carbide. The silicon carbide deposits as a shell on a solid 
substrate. The deposition is continued until the desired 
thickness of silicon carbide is deposited. The substrate 
is then removed from the deposition chamber and the 
shell separated therefrom. Monolithic silicon carbide 
plates and cylinders have been produced by applying 
such chemical vapor deposition (CVD) techniques on 
suitably shaped substrates. Some articles require a de- 
posit about one inch thick, which can require deposition 
processing extending three hundred hours or longer. 
[0010] Once the silicon carbide precursor gases or 
vapors are brought to the appropriate conditions to 
cause them to react, they produce silicon carbide which 
deposits on any available surface. Such deposit gener- 
ally is not limited to the intended surface of the substrate 
and generally extends past such surtace to adjoining 
surfaces as well as depositing on the walls, housing and 
any other available surfaces associated with the depo- 
sition chamber. In prior processes, the silicon carbide 
deposit has extended past the dimensional limits of the 
substrate covering adjacent portions of the support 
structure holding or clamping the mandrel/substrate in 
position in the deposition chamber. These extraneous 
deposits not only consume the deposition chemicals, 
they can be relatively thick requiring either their removal 
from the production equipment or that the equipment be 
routinely replaced. The . consumption of deposition 
chemicals and refurbishing or replacement of furnace 
equipment add considerable expense to the cost of the 
process. Moreover, it is generally necessary to fracture 
the deposits to remove the substrate from their mount 
in the deposition chamber. Fracturing of the relatively 
thick deposit often results in the formation of cracks 
which propagate through the deposit. Such cracks are 
not acceptable in most of the intended applications of 
the silicon carbide articles, and result in the article being 
rejected. The prevalence of propagated cracks in rela- 
tively thick chemical vapor deposits of silicon carbide 
have limited the size of articles which can be produced 
commercially by this method. Moreover, recognition of 
the potential capacity of CVD silicon carbide deposits to 
bridge joints between adjacent stacked substrates and 
the subsequent difficulty of separating and removing in- 
dividual substrates from such a stack has precluded the 
use of stacked multiple substrates in the commercial 
production of silicon carbide articles. 
[0011] Some previous techniques have sought to re- 
duce the above noted extraneous deposits by control- 
ling the flow of the reactive deposition gases so that they 
contact and form the intended deposit on only one side 
of the substrate. If the thermal properties of the sub- 
strate used in such processes are not perfectly matched 
with those of the deposit, stresses are introduced during 
the cool-down from the deposition temperature which 
cause distortion of the deposit, and, in extreme cases, 
can cause cracks to develop in the deposit. Moreover, 
these limitations restrict the amount of material which 
can be produced in a given size deposition chamber. 
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[0012] The present invention is directed to a process, 
and associated apparatus, for producing bulk materials 
by chemical vapor deposition wherein extraneous de- 
posits (i.e. deposits formed on deposition chamber sur- 

s faces other than the intended production surface of the 
substrate) are minimized. Reduction o1 such extraneous 
deposits provides economic benefits both with respect 
to the cost of raw materials and the labor costs associ- 
ated with CVD processing. The present invention further 

70 provides a relatively inexpensive method of mounting 
the substrate in the deposition chamber whereby the 
substrate can be readily separated from the mounting 
structure without causing cracks to propagate through 
the deposited bulk material. A further advantage of the 

15 inventive process is the use of devices to mount the sub- 
strate which are sufficiently inexpensive to be disposa- 
ble, whereby the removal of extraneous material depos- 
ited thereon is not necessary. The inventive process can 
be used to produce articles of silicon carbide or of any 

20 of the materials which are capable of being produced by 
CVD processing, such as zinc sulfide, zinc selenide, bo- 
ron nitride, boron carbide, silicon nitride, titanium dibo- 
ride and aluminum nitride. 

[0013] According to the present process, suitably 
25 shaped substrates, or mandrels, are suspended and. 
solely supported in the deposition chamber by linear 
suspension supports, preferably flexible linear suspen,r 
sion supports, such as ropes or cables, which engage, 
the substrate(s) at their edge(s) and extend to support- 
so ing structure on, or in, the deposition chamber housing. 
The suspension supports are referred to as linear be- 
cause they have a longitudinal dimension which is much 
greater than their transverse dimension which is located 
adjacent the substrate. The linear suspension supports 
35 and the substrates are designed to enable minimal con- 
tact between the surface of the substrate and any other 
apparatus in the deposition zone, while providing ade- 
quate support to assure that the substrate does not 
break loose as it gains weight during the deposition 
40 process. While some deposition occurs on the linear 
suspension supports during the process, the minimal 
contact of the support with the substrate provides a de- 
gree of flexibility which enables the separation of the 
support from the coated substrate without causing 
45 cracks to propagate throughout the deposit. Moreover, 
any deposits formed on the preferred rope or cable lin- 
ear supports can often be removed by merely flexing the 
rope or cable. Should the linear suspension supports 
become unduly coated or contaminated in some other 
so manner, they are relatively inexpensive to replace, and 
therefore do not require extensive cleaning or decon- 
tamination procedures to enable them to be reused. 

BRIEF DESCRIPTION OF THE DRAWING 

55 

[0014] Figure 1 is a schematic cross-section of a CVD 
furnace in which the present invention is practiced. 
[0015] Figure 2 is a cross-section of one of the depo- 
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sttion boxes illustrated in the furnace of Figure 1. 
[001 6] Figure 3 is a top view of a cross-section of the 
deposition box illustrated in Figure 2. 
[001 7] Figure 4 is a schematic cross-section of a fur- 
ther CVD furnace in which several embodiments ol the 
present invention are being practiced. 
[001 8] Figure 5 is a top view of a substrate particularly 
adapted for use in the present invention. 
[001 9] Figure 6 is a top view of a further substrate par- 
ticularly adapted for use in the present invention. 
[0020] Figure 7 is a schematic cross-section of a fur- 
ther CVD turnace in which several further embodiments 
of the present invention are being practiced. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] A preferred CVD furnace for practicing the 
present invention is illustrated in Figure 1 . The furnace 
10 encloses multiple deposition boxes 12, 14, 16 and 
18. As most fully illustrated in deposition boxes 12 and 
1 4, multiple flat ring-like mandrels, or substrates, 20, are 
deployed along the length of the box. Precursor reactive 
gases are fed to the upper box 12 through injector 22. 
The precursor reactive gases circulate around and 
through the substrates, eventually passing to lower dep- 
osition box 14 where they similarly circulate about the 
substrates deployed in that box. The gases eventually 
pass from deposition box 14 through end plate 23, ex- 
haust plate 24, pass through the flow diversion plate 26, 
around baffle plate 28 and eventually are discharged 
from the furnace through exhaust port 30. Heating ele- 
ments 32, 34 for controlling the deposition temperature 
are provided outside of the deposition boxes. Insulation 
36, 38 is provided between the furnace wall and the 
heating elements. Substrates and an injector may be 
deployed with deposition boxes 16 and 18 in the same 
manner as shown with deposition boxes 12 and 14, or, 
alternatively, different substrates may be deployed and 
supported in a different manner in boxes 16 and 18. 
[0022] Deposition box 1 2 is further illustrated in Fig- 
ures 2 and 3. The three walls 50, 52 and 54, of the box 
are connected through three corner posts 56, 58 and 
60. Cover plate 62 contains port 64 which cooperates 
with injector 22 to essentially preclude the reactive gas- 
es migrating into the remainder of the furnace from the 
deposition box. A mating ring 66 provides a conforming 
mating relationship between upper deposition box 1 2 
and lower deposition box 14. Three linear suspension 
supports 68 extend from anchoring means associated 
with the cover plate 62, through an engagement with 
each of the eight ring-like substrates 20, to further an- 
choring means associated with mating ring 66. The lin- 
ear suspension supports 68 provided in the lower dep- 
osition box 14 (Figure 1 ) are attached to anchoring sup- 
ports associated with the mating ring 66 and end plate 
23. 

[0023] The linear suspension supports 68 are desig- 
nated to be linear because their dimension which is 


spanned by contact with the substrate, usually their di- 
ameter, is minor in relation to their longitudinal dimen- 
sion, or length. Preferably, the linear suspension sup- 
ports are sufficiently manually flexible to be coilable. 

5 Such preferred supports can be selected from rope, ca- 
ble or wires. The supports need to be made of materials 
which will withstand the temperatures and chemicals 
encountered during the deposition process. Represent- 
ative suitable materials include graphite, sapphire, tung- 

10 sten, molybdenum and quartz. We have found braided 
graphite rope to form particularly suitable linear suspen- 
sion supports for the production of CVD silicon carbide 
articles in a deposition box arrangement similar to that 
shown in Figures 1-3. 

'5 [0024] The anchoring means for securing the linear 
suspension supports can be any means capable of hold- 
ing, or anchoring, the ends of such supports in place 
throughout the deposition process. Suitable anchoring 
means provided on the cover plate, walls or posts of the 

20 deposition box include hooks : eyebolts, cleats, via 
holes, or specialized mating means which cooperate 
with specialized mating means at the ends of the sus- 
pension supports. 

[0025] The linear suspension supports engage the 
25 substrates in a supporting relationship. Preferably, the 
engagement does not result in a rigid fixed joinder be- 
tween the supports and the substrates such as would 
be provided by a locking clamp, but instead permits a 
limited degree of movement between the support and 
30 the substrate. Engaging the linear suspension supports 
in slots or holes provided at the periphery of the sub- 
strates and fixing an interfering structure projecting from 
the supports beneath the slot or hole are preferred forms 
of supporting the substrates when they are deployed in 
35 a generally horizontal configuration, as in Figures 1-3. 
The interfering structure can be a knot tied in a rope or 
cable support, or it could be a pin or screw laterally at- 
tached to a rope, wire or cable support or it could be the 
residue of a hardened cement. 
40 [0026] Figure 4 is a schematic of several different 
shaped substrates supported in a single deposition box 
69 in a furnace 70 of a CVD system by linear suspension 
supports in accord with the present invention. The sub- 
strates, also referred to as mandrels, are typically fabri- 
cs cated from relatively thin material with one, two : or mul- 
tiple sides, having a figure, or shape, which is a negative 
of the actual article to be produced. The substrates can 
be fabricated from materials such as graphite, silicon, 
sapphire, quartz, molybdenum, titanium or tantalum. In 
so Figure 4, the same item numbers are used to designate 
components similar to those of the Figure 1-3 embodi- 
ment. Substrate 71 is a hollow shape, such as a cylin- 
drical tube or box channel, which engages two or more 
linear suspension supports 72, 74 at its upper periphery. 
55 The two or more linear suspension supports 72, 74 are 
joined at 76 to form a further support 78 which extends 
upwardly to functional attachment to a rotation means, 
such as motor 80. The further support 78 is shielded by 
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an insulated housing 82 extending from the roof oi the 
furnace 70tothe deposition box 69. Rotation of the sub- 
strate throughout the deposition process can, in some 
cases, provide a more uniform deposition. 
[0027] Substrate 90 is a plate containing a dome 
shaped portion 92. This substrate is supported by two 
linear suspension supports 94, 96 descending from the 
top of the deposition box 69, and two similar linear sup- 
ports 98, 100 extending up from the floor of the deposi- 
tion box. 

[0028] Substrate 110 is for the production of cone- 
shaped articles. It is suspended by a single linear sus- 
pension support 112 anchored to the roof of the depo- 
sition box and two linear supports 1 1 4, 116 anchored to 
the floor of the box. 

[0029] Substrate 120 is a ring-shaped plate, or disc, 
similar to the substrates 20 used in the Figure 1 embod- 
iment. Substrate 1 30 is a flat plate. Both substrates 1 20 
and 130 are suspended vertically in similar manner by 
two linear suspension supports anchored to the roof of 
the deposition box and engaging the periphery of the 
substrates. Two linear supports, which are anchored to 
the floor of the deposition box, also engage the periph- 
ery of each of the substrates. The horizontally suspend- 
ed series of ring-shaped substrates 20 and linear sus- 
pension supports 68 shown in Figure 4 are similar to the 
like-numbered substrates and supports in the Figure 1 
embodiment. 

[0030] Susceptor rings for supporting wafers in sem- 
iconductorfurnaces have been produced of CVD silicon 
carbide in a furnace similar to the embodiment of Fig- 
ures 1-3. Eight 0.1 inch thick graphite ring mandrels 20 
having an outside diameter of 9.75 inches and an inside 
diameter of 6.25 inches were suspended in a deposition 
box 12 on three graphite rope linear suspension sup- 
ports 68. Three holes were drilled in each ring near the 
periphery of its inner diameter. Four of the rings were 
coated with an amorphous carbon release layer. The 
graphite ropes were inserted in the holes and knots were 
tied in the rope to support and fix the location of each 
ring. The graphite ropes were tied to the top and bottom 
covers of the triangular deposition box to horizontally 
suspend the rings four inches apart. 
[0031] A precursor gas mixture of methyltrichlorosi- 
lane in excess hydrogen and argon was fed to the top 
of the deposition box and silicon carbide was deposited 
for approximately 75 hours at a temperature of 1 350°C 
and a pressure of 200 lorr. The flow rate of methyltrichlo- 
rosi lane varied between 9 and 12 standard liters per 
minute (slpm), the flow rate of H 2 was 67 slpm and that 
of Ar was 69 slpm. The silicon carbide deposited on both 
sides of the rings to thicknesses in the range of 0.11 to 
0.25 inches with no apparent visible cracks or chipping 
of the deposits on the rings. The graphite rope suspen- 
sion supports were released from the top and bottom 
covers of the box, and removed, with the rings, from the 
box. The deposits of silicon carbide on the ropes were 
of uneven thickness. Twisting and slight shaking of the 


ropes near their engagement with the rings permitted 
the ropes tobe removed from the rings without difficulty. 
Slight flexure of the ropes caused the deposit on the . 
ropes to fracture and break loose. Processing caused 

5 brittleness to develop in the graphite ropes themselves 
and such slight flexure also caused the ropes to fall 
apart. All eight rings were recovered in good shape with- 
out excessive silicon carbide growth near the holes 
which contained the ropes and without any cracks de- 

10 veloping through the silicon carbide deposits. The out- 
side edge of the deposit was then machined to expose 
the graphite mandrel. The deposits on the .substrates 
which had been treated with an amorphous carbon re- 
lease layer readily separated from the substrate. With 

is the substrates that did not receive a release layer, the 
graphite was removed by burning in air at 700°C. Sep- 
aration of the substrate from the deposits on each side 
thereof resulted in the production of two silicon carbide 
rings for each graphite mandrel. The resulting silicon 

20 carbide rings were then machined to the dimensions re- 
quired of susceptor rings used in semiconductor furnac- 
es. 

[0032] While graphite mandrels can be removed by 
burning, different substrate materials may be removed 
25 by machining or by chemical treatment with a suitable; 
etch ant or solvent. Such etchants or solvents should be 
functional io remove the substrate material while having^ 
negligible affect on the deposit. 

[0033] Machining is required to remove the hole pro- 

30 vided to engage the linear suspension supports 68 of 
the mandrel 20 in the embodiment of Figures 1 -3. Such 
machining can result in considerable waste of the de- 
posited material, as well as increased production costs. 
Improved substrates for use in the inventive technique, 

35 which reduce the final machining required to provide the 
intended article, are illustrated in Figures 5 and 6. The. 
mandrel 1 50 of Figure 5 is essentially ring-shaped, how- 
ever protrusions, or tabs 152, which extend from the in- 
ner nominal diameter of the ring toward its center, are 

40 spaced about the ring's inner periphery. A tab is provid- 
ed for each of the linear suspension supports used to 
suspend the mandrel in the deposition zone. An en- 
gagement means, such as slot 154, capable of engag- 
ing the linear suspension support, is provided on each 

45 of the tabs. The mandrels are attached to the linear sus- 
pension supports by the engagement means during the 
deposition. Upon completion of the deposition, less ma- 
chining is required to remove the tabs and form the ar- 
ticle in its final shape than is required with the Figure 1 -3 

50 mandrels. 

[0034] The mandrel 1 60 of Figure 6 is generally ring- 
shaped with protrusions, or tabs 162, extending out- 
wardly from its outer nominal diameter/periphery. Each 
tab contains an engagement means, such as slot 164, 

55 for engagement with a linear suspension support. As 
with mandrel 150 (Figure 5), less machining is required 
to remove the tabs 1 62 and finish the article to its final 
shape than is required with the mandrel 20 (Figures 
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1-3). 

[0035] Protrusions, or tabs, containing engagement 
means can be provided on mandrels of various shapes. 
For instance, they can be provided on the edges of flat 
plate substrates, such as substrate 130 (Figure 4), or 
on the side of three dimensional shaped substrates, 
such as substrate 90 (Figure 4). Preferably, depending 
on the substrate's weight, shape and size, one to four 
tabs are provided on each substrate. Usually the tabs 
are removed following the deposition to expose the un- 
derlying substrate and to form the article in its final 
shape. 

[0036] The linear suspension supports of the preced- 
ing embodiments are provided in a generally vertical ar- 
rangement. Linear suspension supports can also be 
provided in a generally horizontal arrangement. Figure 
7 illustrates the use of two generally horizontal arrange- 
ments of linear suspension supports according to the 
present invention. The same item numbers are used to 
designate components which are similar to those of pre- 
vious embodiments. Each of two flexible linear suspen- 
sion supports, such as graphite ropes 180, are attached 
at opposite sides of the deposition box 69. The flexible 
linear suspension supports 130 extend generally hori- 
zontally across the chamber and engage a line of four 
ring-like mandrels 182 through holes provided in the 
mandrels to vertically suspend the mandrels in the fur- 
nace. A further linear suspension support 184 suspends 
another line of four ring-like mandrels 186. The linear 
suspension support 184 is formed from relatively rigid 
material such as bars, pipes or rods of graphite, molyb- 
denum, tungsten, etc. The rigid linear suspension sup- 
port 184 can be mounted to extend out from both sides 
of a central post 188, as shown. Alternatively, it can be 
mounted on two or more posts or it can extend between 
mounting brackets affixed to opposite side walls 1 90 of 
the deposition box. 

[0037] One or multiple linear suspension supports 
180, 184 may be provided to support each line of sub- 
strates. The substrates' means for engaging the linear 
suspension supports may be provided on projections, 
or tabs. As demonstrated with the line of mandrels 184, 
those substrates which have an interior void, such as 
the ring-like mandrels 186, can be suspended in the 
deposition zone, without the need for additional engage- 
ment structure, by hanging them on a linear suspension 
support extending through the void. 
[0038] Vertical suspension of relatively large flat 
plates, i.e. plates with a greater than 15 inch cross-di- 
mension, provides a more uniform deposit on both sides 
of the plate than does horizontal suspension of such 
plates. With smaller parts, horizontal suspension pro- 
vides a more uniform deposit on each side of the sub- 
strate, however, the average thickness may differ con- 
siderably between the two sides. 
[0039] Accordingly, the described technique of sus- 
pending relatively thin substrates in a CVD furnace en- 
ables the production of near-net shape, crack-free. CVD 


free-standing articles in high yield. Moreover, it accom- 
plishes such with substantial reduction in manufacturing 
costs over the previously used substrate mounting tech- 
niques. These reduced manufacturing costs result from: 

5 

lower-cost, even disposable, mounting structure; 
increased substrate capacity per production run; 
increased output per substrate due to production 
deposits provided on both sides of substrate; 
io - reduced finishing/machining costs; and 

reduced reagent costs due to reduced waste mate- 
rial. 

[0040] The foregoing is provided to enable workers to 
practice the invention and to describe what is currently 
believed to be the best mode of practicing the invention. 
The scope of the invention is defined by the following 
claims. 


1. A method of producing a solid article by chemical 
vapor deposition comprising: 

25 

suspending a solid substrate in a deposition 
zone from an engagement with one or more lin- 
ear suspension supports, 
providing a precursor gas in proximity to said 
30 solid substrate, 

chemically reacting said precursor gas locause 
a solid deposit to form on said solid substrate, 
and 

recovering said solid article by removing said 
35 deposit from said substrate. 

2. The method of claim 1 wherein said solid substrate 
does not contact any solid surfaces other than said 
one or more linear suspension supports as said sol- 

40 id deposit is formed. 

3. The method of claim 1 wherein said one or more 
linear suspension supports are manually flexible. 

45 4. The method of claim 3 wherein said manually flex- 
ible linear suspension supports are selected from 
ropes, wires or cables. 

5. The method of claim 4 wherein said flexible linear 
50 suspension support is fabricated from graphite. 

6. The method of claim 3 wherein said engagement 
includes a knot provided on said flexible linear sus- 
pension support in proximity to said substrate. 

55 

7. The method of claim 1 wherein said linear suspen- 
sion supports are fabricated from a material select- 
ed from the group consisting of graphite, sapphire, 


20 
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tungsten, molybdenum and quartz. 

8. The method of claim 1 wherein said engagement ot 
said substrate withsaid at least one support occurs 
at a tab projecting outwardly trom the nominal pe- 
riphery of said substrate. 

9. The method of claim 1 wherein said deposit is sili- 
con carbide. 

10. The method of claim 1 wherein said one or more 
linear suspension supports extend generally verti- 
cally between said solid substrate and anchoring 
means associated with a housing deployed about 
said deposition zone. 

11. The method of claim 10 wherein a plurality of said 
one or more linear suspension supports suspend a 
plurality of said solid substrates in said deposition 
zone. 

1 2. The method of claim 1 1 wherein said linear suspen- 
sion supports are flexible ropes or cables which en- 
gage said solid substrates at or near their edges. 

13. The method of claim 10 wherein said engagement 
of said solid substrate with said one or more linear 
suspension supports involves an interference rela- 
tionship between said one or more suspension sup- 
ports and said solid substrate. 
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15 


said solid substrate is fabricated from graphite, 
said one or more linear suspension supports 
are fabricated from graphite, and 
said precursor gas forms a deposit comprising 
silicon carbide. 

20. The method of claim 1 wherein: 

said solid deposit is formed on opposing sides 
of said substrate, and 

at least two solid articles are recovered from 
each said substrate. 

21. The method of claim 1 wherein the removal of said 
deposit from said substrate comprises burning said 
substrate. 


22. The method of claim 1 wherein the removal of said 
deposit from said substrate comprises removing 
20 said substrate with a chemical etchant or solvent. 
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The method of claim 1 further comprising 

providing a layer of a release coating on said 
substrate prior to providing said precursor gas in 
proximity to said substrate. 


30 


14. The method of claim 13 wherein said interference 
relationship involves said one or more linear sus- 
pension supports engaging said substrate at or 
near its periphery. 35 

15. The method of claim 13 wherein said interference 
relationship involves said one or more linear sus- 
pension supports engaging said substrate through 

an orifice located adjacent its periphery. 4 ° 

16. The method of claim 13 wherein said interference 
relationship includes a projection extending out- 
wardly trom said linear suspension support. 

45 

17. The method of claim 1 wherein said one or more 
linear suspension supports extend generally hori- 
zontally between anchoring means associated with 
a housing surrounding said deposition zone and 
one or more of said solid substrates are suspended 50 
generally vertically from said one or more supports. 

18. The method of claim 17 wherein said substrate in- 
cludes an interior void and said engagement occurs 
proximate to where said one or more linear suspen- 55 
sion supports extend through said interior void. 

19. The method of claim 1 wherein: 
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